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(54) MAGNETIC HEAD AND MAGNETIC DISK DEVICE AS WELL AS ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To permit a reproducing 
track width of high accuracy by consisting electrode films 
on a megaromagneto-resistance effect film or magneto- 
resistance effect film of >2 layers, using the film of the 
upper layer of the electrode films as a mask of the lower 
layer electrode film and consisting the upper layer of the 
electrode film of a film contg. elements which are more 
hardly etched than the lower layer. 
SOLUTION: A magnetic domain control film 3 is formed 
after processing of an SV (GMR) film 4 and the lower 
layer electrode film 2 is formed on the SV film 4 and the 
magnetic domain control film 3. The lower layer 
electrode film 2 is formed and a resist for determining the 
reproducing track width is patterned and formed by using 

a photolithography process, by which the upper layer electrode film 1 is formed. The upper 
layer electrode film 1 is a film containing at least one kind of Ru, Ir, Cr, Au, Pt, Cu and Ag. The 
lower layer electrode film 2 is formed of an alloy containing at least >1 kinds among Ta, Nb, 
Mo, Al and W. The retreating quantity at the time of etching of the lower layer electrode film 2 
may be decreased and the electrode processing of the narrow track reproducing head is 
made effective. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] A magneto-resistive effect film is between two shield films through a gap film. In the 
magnetic head to which an electrode layer which passes current on a giant magneto-resistance film or a 
magneto-resistive effect film touches electrically a magneto-resistive effect film or a giant magneto- 
resistance film The magnetic head characterized by consisting of a film containing an element into 
which an electrode layer on a giant magneto-resistance film or a magneto-resistive effect film becomes 
from more than two-layer, and uses a film of the upper layer of an electrode layer for as a mask of a 
lower layer electrode layer, and the upper layer of an electrode layer is hard to be etched rather than a 

lower layer. . " " . ' 

[Claim 2] A magneto-resistive effect film is between two shield films through a gap film. In the 
magnetic head to which an electrode layer which passes current on a giant magneto-resistance film or a 
magneto-resistive effect film touches electrically a magneto-resistive effect film or a giant magneto- 
resistance film The magnetic head characterized by being the film with which a film of the maximum 
upper layer of an electrode layer contains noble metals by an electrode layer on a giant magneto- 
resistance film or a magneto-resistive effect film consisting of more than two-layer, and for thickness of 
the maximum upper layer being thinner than lower layer thickness, and not contacting a magneto- 
resistive effect film. . . . 
[Claim 3] It is the magnetic disk drive characterized by being the film with which a film ot the 
maximum upper layer of an electrode layer contains Ru, Ir, Cr, Au, Pt, Cu, and at least one kind of Ag in 
claim 1 or 2, and an electrode layer of the maximum upper layer not contacting a magneto-resistive 

effect film. . ■ . ' . 

[Claim 4] A magnetic-head production method by which it is processing [ a magneto-resistive ettect 
film is between two shield films through a gap film, and an electrode layer on a giant magneto-resistance 
film or a magneto-resistive effect film consists of more than two-layer in the magnetic head to which an 
electrode layer which passes current on a giant magneto-resistance film or a magneto-resistive effect 
film touches electrically a magneto-resistive effect film or a giant magneto-resistance film, and ]-by 
reactant etching-electrode layers other than film of the maximum upper layer of electrode layer 

characterized. _ 
[Claim 5] A magneto -resistive effect film is between two shield films through a gap film. In the 
magnetic head to which an electrode layer for passing current on a giant magneto-resistance film or a 
magneto-resistive effect film touches electrically a magneto-resistive effect film or a giant magneto- 
resistance film It is the magnetic head characterized by being the film with which a film of the 
maximum upper layer of an electrode layer contains an oxide and at least one kind of nitride by an 
electrode layer on a giant magneto-resistance film or a magneto-resistive effect film consisting of more 
than two-layer, and an electrode layer of the maximum' upper layer not contacting a magneto-resistive 

effect film. . . , . 

[Claim 6] The magnetic head characterized by for a magneto-resistive effect film being between two 

shield films through a gap film, for an electrode layer on a giant magneto-resistance film or a magneto- 
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resistive effect film consisting of more than two-layer in the magnetic head to which an electrode layer 
which passes current on a giant magneto-resistance film or a magnetd-resistive effect film touches 
electrically a magneto-resistive effect film or a giant magneto-resistance film, for a gap of a film of the 
maximum upper layer of an electrode layer being larger than width of face of a lower layer electrode 
laver and thickness of the maximum upper layer being thinner than a lower layer. 
[Claim 7] The magnetic head characterized by a gap of an electrode layer being narrower than a gap of a 
magnetic-domain control film in an any 1 term publication of claims 1-6. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translatxon. 

l.This document has been translated by computer. So the translation may not reflect the original 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[TheVechnical field to which invention belongs] This invention relates to the magnetic head and a 
magnetic disk drive. 

rDescriotion of the Prior Art] The thin film magnetic head for magnetic disk drives is formed on the 
slider held on the disk which carries out high-speed rotation. The reproducing head has the magneto- 
resistive effect film or giant magneto-resistance film which is a thin film of a ferromagnetic material, 
and a lower shield film and an up shield film are in the upper and lower sides of a magneto-resistive 
effect film or a giant magneto-resistance film in an air bearing side. An up shield film may be used also 
[ layer / of a recording head / lower magnetic pole ]. In order to raise recording density, it is necessary to 
write in many data on the surface of a magnetic disk. '. ■ , A 

T00031 For that, there is the method of narrowing a truck gap and the width of recording track and 
raising recording density. The shield gap and the width of recording track of the reproducing head 
become narrow with high recording density. It is necessary to make thin thickness of a gap film or a 
giant magneto-resistance film as a shield gap becomes narrow. . 
m0041 By the conventional method, a lower gap film is formed on a flat lower shield, patterning of the 
resist after formation (a lower layer resist / the upper resist) is carried out for a giant magneto-resistance 
film an undercut is formed in a lower layer resist by the sentiment method, after etching, a magnetic-^ 
domain control film, and an electrode layer are exfoliated from the lower layer resist after formation by 
SS meL in a giant magneto-resistance film (it is called SV film below), and the magnetic- 
domain control film and electrode layer on the upper resist are Next, an up gap film is formed by the 
sputtering method, and an up shield film is formed by plating or the sputtering method. 
T00051 The undercut of the lower layer resist of SV film is formed by the sentiment method and the 
amount of undercuts is changed by baking conditions and thickness of a lower layer resist. Thickness 
Auction of a lower layer resist and fluctuation of the amount of undercuts wi 1 cause [ of the widthof 
face of SV film under a lower layer resist, the gap of a magnetic-domain control film, and an electrode 
sDacing 1 fluctuation, if the width of recording track becomes narrow. •■ 
r00061 1 By the conventional method, the width of recording track is determined on the width of face, the 
hickness and the milling conditions of the upper layer and a lower layer resist, and while die width of 
recording track becomes narrow, the variation in a configuration becomes large ^ e *^ le ™£™ 
electrode spacing narrower than the gap of a magnetic-domain control film is U.S. Pat No. 5438470. It 
is indicated and the example of the two-layer electrode of Au50-300 nm/TalOnm is indicated. 
r00071 However there is no publication about the reactant etching method, and there is no explanation 
also about the point of using the maximum upper layer of an electrode for a lower layer mask. 
Moreover the direction made thinner than the thickness of lower layer electrode layers other than a 
mask can process into high degree of accuracy the film of the maximum upper layer used as a mask. 
Since thickness is thicker than Ta and the direction of Au becomes [ the shift amount at the time of 
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etching 1 large by the above-mentioned well-known example, it is difficult to process narrow 
regenerative-track width efface into high degree of accuracy. Then, it is important for the thickness of a 
mask film to make it thinner than the thickness of a lower layer film so that it may indicate to this 

rProblem(s) to be Solved by the Invention] The purpose of this invention has a magneto-resistive effect 
film through a gap film between two shield films. In the magnetic head to which the electrode layer for 
passing current on a giant magneto.resistance film or a magneto-resistive effect film touches electrically 
the magneto-resistive effect film or the giant magneto-resistance film In order to process the gap of an 
electrode layer narrowly, an electrode layer is carried out to more than two-layer using the reactant 
etching method The technique and the electrode configuration which obtain the regenerative-track 
width of face of high degree of accuracy are offered by using as a mask film at the time of etching by 
using the upper electrode layer as the film which is hard to be etched. 

TMeans for Solving the Problem] By this invention, regenerative : track width of face is determined at 
intervals of an electrode layer, the etching method is used for processing of an electrode layer, and a 
configuration of an electrode layer and a processing method of an electrode layer are specified. A part of 
electrode layer contacts a magneto-resistive effect film, and it detects, voltage change, i.e., an output, of 
a magneto-resistive effect film. . . 

rOOlOl In this invention, as shown in drawing 5 (6), an electrode layer consists of more than two-layer, 
and it consists of an upper electrode layer 1 and a lower layer electrode layer 2, a part of lower layer 
electrode layer 2 contacts the magneto-resistive effect.film 4 physically, and the upper electrode layer 1 
does not touch the magneto-resistive effect film 4 physically. The upper electrode layer 1 is used for a 
mask of the lower layer electrode layer 2. The magnetic-domain control film 3 after processing is 
formed for the magneto-resistive effect film 4, and the lower layer electrode layer 2 is formed on the 
magneto-resistive effect film 4 or the magnetic-domain control film 3. 

rOOl 11 A cross section parallel to a surfacing side of magneto-resistive effect film 4 near after forming a 
lower layer electrode layer by method of either the sputtering method, a vacuum deposition method or a 
CVD method is shown in drawing 5 (1). In this case, the magneto-resistive effect film 4 is formed on the 
lower gap film 6 formed on the lower shield film 8. A lower shield film is formed by the galvanizing 
method or the sputtering method. Next, with a vacuum deposition method, or the sputtering method or a 
CVD method the upper electrode layer 1 is formed, as a resist pattern as shown in (2) is formed using a 
HOTORISO process and the resist 1 1 for determining regenerative-track width of face on the lower 
layer electrode layer 2 is shown in (3). 

r0012I A resist 1 1 exfoliates, and a gap of a resist 1 1 is imprinted by the upper electrode layer 1, and it 
serves as a configuration of (4). In order to make it a configuration of (4), the ion milling method etc. 
mav be used from the side of a resist 1 1 , and an affix of the side may be removed. After the upper 
electrode layer 1 is processed into a configuration of (4), an electrode layer which is under the upper 
electrode layer 1 using the reactant etching method is etched at intervals of the upper electrode layer 1. 
TOO 131 At this time, mixed gas which contains a fluorine, chlorine, or at least one kind of ammonia as 
etching gas is used. If the upper electrode layer 1 retreats at the time of reactant etching, a gap of the 
lower layer electrode layer 2 will also become large, and a difference with a gap of a photo mask or the 
upper electrode layer 1 will become large. . 
r0014] The upper electrode layer is a film containing Ru, Ir, Cr, Au, Pt, Cu, and at least one kind of Ag, 
a lower layer electrode layer is an alloy containing at least one or more kinds of Ta, Nb(s), Mo, 
aluminum and W which are the material which is easy to carry out reactant etching, and the upper 
electrode layer or a lower layer electrode layer can lower resistance of an electrode layer by 

multilayering further. D t a t>* 

TOO 15] When F (fluorine) is included as reactant etching gas, a material containing Ku, lr, ur, Au, ft, 
Cu Ag or other rioble-metals elements can be used for the upper electrode layer 1 at a lower layer 
electrode layer using a film containing Ta, Nb, Mo, or W. As for combination of these materials, it is 
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desirable for a selection ratio of the upper electrode layer and a lower layer electrode layer to become 
ten or more in etching conditions of the lower layer electrode layer 2 

TOO 1 61 Bv making it such combination, the amount of back spaces at the time of etching of a lower layer 
electrode layer can be reduced. Thickness of the upper electrode layer may be thinner than thickness of 
lower layer electrode layers other than the upper electrode layer. However, as long as low resistance and 
migration-proof nature are high and precision of an electrode spacing is high, thickness of the upper 
electrode layer may become thick. An oxide and a nitride may be used for the upper electrode layer 1 m 
addition to a film containing the above-mentioned noble-metals element. 

T00171 Such an upper electrode layer 1 does not retreat, when etching the lower layer electrode layer 2, 
hut since only the lower layer electrode layer 2 is etched, an electrode spacing of the lower layer 
electrode layer 2 can create an electrode spacing which was mostly in agreement with width of face of a 
resist 1 1' almost in accordance with an electrode spacing of the upper electrode layer 1. 
rOOl 81 After processing of the lower layer electrode layer 2 forms an up gap film, and forms an up 
shield film still like drawing 5 (6). By using an electrode layer of this configuration, and reactant 
etching a cone angle of an electrode layer can also be controlled, thickness on a taper of an up gap film 
can be made into thickness near a flat part, and the pressure-proof high reproducing head can be 

mm 9?That e fs in this invention, it made it possible to etch a gap of a lower layer electrode layer into 
hi oh decree of accuracy by making an electrode layer into a multilayer and using the upper electrode 
laver as a material by which reactant etching cannot be carried out easily, using the upper electrode layer 
as a mask of a lower layer electrode layer. Or more with ten, if a selection ratio of the upper electrode 
laver at the time of reactant etching and a lower layer electrode layer is high, it can make the upper 
electrode layer thin, and it can make small the amount of back spaces of a lower layer electrode layer 
electrode layer, and is effective in electrode processing of the ** truck reproducing head. 

[Embodiment of the Invention] The example of this invention is explained below Drawing 4 shows the 
cross section near the magneto-resistive effect film of the surfacing side (data-medium opposed face) of 
the magnetic head used for a magnetic disk drive from drawing 1 . A part of electrode layer contacts a 
magneto-resistive effect film, and it detects, voltage change, i.e., the output, of a magneto-resistive 
effect film As shown in drawing^ from drawingj, , an electrode layer consists of more than two-layer. 
In other than drawing! , it consists of an upper electrode layer 1 and a lower layer electrode layer 2, a 
Dart of lower layer electrode layer 2 contacts the magneto-resistive effect film 4 physically, and the 
uooer electrode layer 1 does not touch the magneto-resistive effect film 4 physically. The upper 
electrode layer 1 of drawing 4 is used for the mask of the lower layer electrode layer 2 from drawing 1 . 
r00211 First drawingj. is explained below. The magnetic-domain control film 3 after processing is 
formed for the magneto-resistive effect film 4, and the lower layer electrode layer 2 is formed on the 
magneto-resistive effect film 4 or the magnetic-domain control film 3. The lower layer elecfrode layer 2 
is formed bv the method of either the sputtering method, a vacuum deposition method or a CVU 
method In this case, the magneto-resistive effect film 4 is formed on the lower gap film 6 formed on the 
lower shield film 8. A lower shield film is formed by the galvanizing method or the sputtering method. 
T00221 Next with a vacuum deposition method, or the sputtering method or a CVD method, the upper 
electrode la^er 1 is formed, as a resist pattern as shown in (2) is formed using a HOTORISO process and 
the resist 1 1 for determining regenerative-track width efface on the lower layer electrode layer 2 is 
shown in (3). A resist 1 1 exfoliates, and the gap of a resist 1 1 is imprinted by the upper electrode layer 
and it serves as a configuration of (4). 

r00231 In order to make it the configuration of (4), the ion milling method etc. may be used from the 
side of a resist 1 1 , and the affix of the side may be removed. After the upper electrode layer 1 is 
processed into the configuration of (4), the electrode layer which is under the upper electrode layer 1 
using the reactant etching method is etched at intervals of the upper electrode layer 1 At this time, the 
mixed gas which contains a fluorine, chlorine, or at least one kind of ammonia as etching gas is used. It 
the upper electrode layer 1 retreats at the time of reactant etching, the gap of the lower layer electrode 
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layer 2 will also become large, and a difference with the gap of a photo mask or the upper electrode 
laver 1 will become large. * . 

r00241 The upper electrode layer is a film containing Ru, Ir, Cr, Au, Pt, Cu, and at least one land of Ag, 
a lower layer electrode layer is an alloy containing at least one or more kinds of Ta, Nb(s), Mo, 
aluminum and W which are the material which is easy to carry out reactant etching, and the upper 
electrode layer or a lower layer electrode layer can lower resistance of an electrode layer by. 

fooS? When Fluorine) is included as reactant etching gas, the material containing Ru, Ir, Cr, Au, Pt, 
Cu Ae or other noble-metals elements can be used for the upper electrode layer 1 at a lower layer 
electrode layer using the film containing Ta, Nb, Mo, or W. As for the combination of tee materials, it 
is desirable for the selection ratio of the upper electrode layer and a lower layer electrode layer to 
become ten or more in the etching conditions of the lower layer electrode layer 2. 
r00261 By making it such combination, the amount of back spaces at the time of etching of a lower layer 
electrode layer can be reduced. The thickness of the upper electrode layer may be thinner than the 
thickness of lower layer electrode layers other than the upper electrode layer. 

T00271 However, as long as low resistance and migration-proof nature are high and the precision of an 
electrode spacing is high, the thickness of the upper electrode layer may become thick. The electrode 
conSumtionTffer etching is shown in (5). F is not used but it is Ar + 02. A noble-metals, film can be 
used for a lower layer electrode layer by etching using mixed gas. An oxide film and a nitride film are 
used for the upper electrode layer which serves as a mask at this time. The taper angle of an electrode 
edee is 80 degrees from 30 degrees. . ' . 

T00281 Dra wing 6 is the case where the record reproducing head which used the reproducing head of this 
nvention is seen from a surfacing side side. The lower shield film 8 formed on the substrate is a NiFe 
alloy film the Sendust film, or a soft magnetism amorphous alloy film. On the lower shield 8, they are 
aluminum 203 of 80nm or less of thickness, Si203, aluminum203, and Si02. The lower gap . film 6 
which consists of either a mixed film or a nitride is formed with the sputtering method or a CVD 

m0291As for the irregularity on the lower gap film 2, it is desirable that it is lOnm or less. SV film is 
Produced by the sputtering method or the ion beam sputtering method on the lower gap 6. A film ^ 
configuration is Ta5 nnVNiFeS nm/Col nm/Cu2.5 nm/Co3 nm/CrMnPt25 nnVTaSnm from a substrate 

r00301 Instead of CrMnPt which is an antiferromagnetism film, a MnPt alloy and a NiMn alloy are 
sufficient There may not be Ta on an antiferromagnetism film. Moreover, the film configuration which 

an antiferromagnetism film in a substrate side is also possible. Or SV film with which the laminating 
of the fixed bed or the free layer was carried out using Ru is sufficient. The magnetic-domain control 
film 3 is produced with the sputtering method, a vacuum deposition method, etc. to the both ends ot t» v 

m0311 the magnetic-domain control film 3 « a CoCrPt alloy, CoPt alloys, or these alloy films - Zr02 
etc - it is the film which added the oxide and it is also possible to use the film of nonmagnetic bcc 
structures such as Cr, Nb, and Mo, as a substrate film of these films. The coercive force of these films is 
about 1000 to 1500 Oe. Before carrying out lift off of the magnetic-domain control film, Cr or a 
precious alloy thin as a protective coat of a magnetic-domain control film, or a refractory metal film may 

r003°2rrhe gap film 5 is produced with the sputtering method, a CVD method, etc. It is a multilayer 
more than electrode layer two-layer, and either of Ta, TaW, Ru, Ir(s), Nb(s), and Pt(s) which are low 
specific resistance and a refractory material is included. It can also consider as the electrode which 
consists of Ta/Au/Ta and multilayers like Ru/Pt/Ru. The thickness of the lower layer electrode layer 2 is 

?0033] Moreover, the up gap 5 is aluminum 203, A1N, Si3N4, and Si02. Or it is these mixed films and 
forms at the sputtering method or low temperature (substrate temperature of 250 degrees C or less) 
CVD Furthermore, the up shield film (lower magnetic pole of a recording head) 7 is formed with the 
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sputtering method or plating on this, and the recording head is protected by the magnetic film, the 
protective coat 22, and protective coat 26 which consisted of the lower magnetic pole layer 21, a gap 
film 23 an up magnetic pole layer 24, and a high specific resistance magnetic pole layer 25. In addition, 
it is better for the high specific resistance magnetic pole layer 25 to lessen leakage of a magnetic field 
from magnetic pole layer 25 edge by separating 1 micrometers or more from a surfacing side apart from 
drawing 6 and drawing 7 . Moreover, the directions of the recording head which trimmed the up shield 
film like drawing 7 decrease in number [ an edge magnetic field ], and magnetic field inclination 

rnrn^f orawing 8 is one example of the perspective diagram of the record reproducing head. The 
Records Department consists of magnetic films which consisted of the lower magnetic pole layer .103, a 
gap film 102, an up magnetic pole layer 101, and a high specific resistance magnetic pole layer 107, and 
the playback section can change change of the leakage magnetic field from a sink and the record bit 1 10 
into the SV film 104 on the lower shield film 106 for current through an electrode layer 105 at change ot 

[OO^IfThe positioning system 32, the magnetic head 21 of this invention, data medium 11, the spindle , 
31 , and the signal-processing system 33 are carried in the magnetic disk drive. 

rEffect of the Invention] In this invention, the optimal structure and the producing method for a 
************ truck of the reproducing head of a record playback separation arm head are mdicated, 
and the magnetic-recording arm head used for a two or more surface recording density 1 0 Gb/in 
magnetic disk drive can be offered. 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translatxon. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] • " ^ u a 

[Drawing 11 The sectional side elevation showing a part of manufacture method of the magnetic head 
which is the example of this invention. 

[Drawing 21 The sectional side elevation showing a part of manufacture method of the magnetic head 
which is the example of this invention. 

[Drawing 31 The sectional side elevation showing a part of manufacture method of the magnetic head 
which is the example of this invention. . 
[Drawing 41 The sectional side elevation showing a part of manufacture method of the magnetic head 
which is the example of this invention. ■ **. 

[Drawing 51 The sectional side elevation in which (1) to (6) shows the manufacture sequence of the 

magnetic head. , 
[Drawing 61 The sectional side elevation of the magnetic head shown as other examples of this 

[Drawing 71 The sectional side elevation of the magnetic head shown as other examples of this 

invention. , • . * c^- *• 

fPrawing 81 The perspective diagram of the record reproducing head of this invention. 
[Drawing 91 The block diagram of the magnetic disk drive which used the magnetic head of this 
invention. 

[Description of Notations] . : . 

1 r SV (GMR) film ] -- The upper electrode layer, 2 -- A lower layer electrode layer, 3 - A magnetic- 
domain control film, 4 5 - A gap (up gap) film, 6 - A lower gap film, 7 - Up shield film 8 [ - Lower 
magnetic pole layer, ] - A lower shield film, 9 - A substrate, 1 1 - A magnetic disk, 2121 [ - Up 
magnetic pole film, ] - The magnetic head, 22 - A protective coat, 23 - A gap film, 24 25 [ -- 
Positioning system, ] -- A high specific resistance magnetic pole layer, 26 -- A protective coat ,31 - A 
spindle 32 33 [ -- A lower magnetic pole layer 104 / - SV film, 105 / - An electrode layer, 106 / - A 
substrate 107 / -- A high specific resistance magnetic pole layer, 108 / -- An up shield film, 109 / -- A 
coil, 1 10 / -- Record bit. ] -- A signal-processing system, 101 - An up magnetic pole layer, 102 « A gap 
film, 103 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/9/2004 



Page 1 of 4 



♦NOTICES* 
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DRAWINGS 
[Drawing 11 
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[Drawing 51 
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